The properties of ∆ isobars in a uniform magnetic field are investigated. In the weak magnetic field region, the general relations between magnetic moment of nucleons and ∆ isobars are given. In the strong magnetic field region, the mass and size of ∆ isobars depend on the increasing of magnetic field strength in different ways: the effective mass of ∆ ++ , ∆ + and ∆ 0 first decreases and then increases, consequently, the size of ∆ ++ , ∆ + and ∆ 0 first increases and then decreases; whereas, the effective mass of ∆ − always increases, and consequently, the size of ∆ − always decreases. The estimation shows in the core part of the magnetar, the equation of state for ∆ isobars depends on the magnetic field, which affects the mass limit of the magnetar.
The properties of ∆ isobars in a uniform magnetic field are investigated. In the weak magnetic field region, the general relations between magnetic moment of nucleons and ∆ isobars are given. In the strong magnetic field region, the mass and size of ∆ isobars depend on the increasing of magnetic field strength in different ways: the effective mass of ∆ ++ , ∆ + and ∆ 0 first decreases and then increases, consequently, the size of ∆ ++ , ∆ + and ∆ 0 first increases and then decreases; whereas, the effective mass of ∆ − always increases, and consequently, the size of ∆ − always decreases. The estimation shows in the core part of the magnetar, the equation of state for ∆ isobars depends on the magnetic field, which affects the mass limit of the magnetar. Introduction. -The strong magnetic field exists widely in heavy ion collider and magnetars [1] [2] [3] . The Skyrme model study of proton and neutron in a uniform magnetic field shows that, the mass and shape of proton and neutron depend on the strength of magnetic field [4] , thus the equation of state for magnetar is modified.
The ∆ isobars play very important role in nuclear physics [5] . For example, ∆ baryon media exists in the heavy ion collider [6] and neutron stars [7, 8] . Science ∆ isobars have internal structures, in the strong magnetic field, the properties of ∆ baryon could be changed by the magnetic field dramatically. The magnetic response of ∆ baryons could cause observable consequences in the heavy ion collision and magnetar.
Another mystery of the ∆ isobars is the wide range of the magnetic moment given by experimental results [9, 10] . Great efforts had been made to predict the magnetic moment of ∆ isobar states, but still leave us lot of challenges [11] [12] [13] [14] .
In this letter, ∆ isobars in a uniform magnetic field are studied in the semi-classical quantization approach of Skyrme model [15, 16] . Because the wave functions for ∆ isobars are different, the magnetic response of ∆ isobars are different. In the weak magnetic field region, the general relations between magnetic moment of nucleons and ∆ isobars are given. By using the experimental results of µ p and µ n , the magnetic moments of ∆ isobars are given, which are consistent with the experimental results. In the strong magnetic field region, it is found that with the increasing of the magnetic field strength, the effective mass of ∆ ++ , ∆ + and ∆ 0 first decreases and then increases, consequently, the size of ∆ ++ , ∆ + and ∆ 0 first increases and then decreases. On the other hand, the effective mass of ∆ − always increases, and consequently, the size of ∆ − always decreases. Finally, since both the mass and size of ∆ isobars depend on the strength of the magnetic field, the equation of state for ∆ isobars are influenced by the magnetic field, which could affect the properties of magnetar.
The model. -The minimal action of the model for the present propose contains two parts:
where L represents the pion dynamics which is expressed as
Here g is a dimensionless coupling constant, and f π and m π are the decay constant and the mass of pion, respectively. The covariant derivative for U is defined as 
, where η is the geometry with diag(+1, −1, −1, −1).
The last part in action (1), i.e. Γ WZW ≡ d 4 xL WZW represents the chiral anomaly effects, which is given in Refs. [17, 18] .
Following Refs. [19, 20] , in the elliptic coordinate system, x, y, and z in are expressed as
where c ρ and c z are positive dimensionless parameters,
, and θ and ϕ are polar angles with
In the Cartesian coordinate system, U is expressed as
In the semi-classical quantization approach [16, 21, 22] , the spin and iso-spin are obtained by rotating the ansatz equations (3) and (4) in both spatial space and iso-spin space, i.e.Û = A(U (R))A † , where A and R are the rotation matrix of isospin space and spatial space in x−y plane, respectively. Here A and R satisfy that A −1Ȧ = i 2 ω a τ a and (R −1Ṙ ) ij = − ij3 Ω 3 , where a = 1, 2, 3 and i, j = 1, 2.
By replacing U toÛ in action (1), a new action is
By taking a functional derivative of the action with ω a and Ω 3 , the canonical conjugate momenta of the isospin and spin are obtained as
and
, respectively.
The general relations between nucleons and ∆ isobars magnetic moment in the week magnetic region. -For the present analysis, the N C counting are
The baryon mass and the baryon magnetic moment are obtained by M Ψ = Ψ| dV H|Ψ and µ Ψ = − ∂MΨ ∂(eB) , respectively. Here |Ψ expresses the wave functions for proton, neutron, ∆ ++ , ∆ + , ∆ 0 and ∆ − which are given in Refs. [16, 23] .
TABLE I. The general relations between nucleon and ∆ isobars magnetic moment (|eB| → 0)
In an extreme week magnetic field, magnetic moments of ∆ isobars are written in nucleons as shown in Table I . Table I shows that, the magnetic moment of a ∆ isobar state is constructed by two parts, one part is related to the strength of spin and another part is related to the strength of iso-spin. The magnetic moment relates to spin part is a combination of proton and neutron magnetic moment µ p and µ n . The magnetic moment relates to iso-spin part µ I can be determined numerically as about µ I = −0.045 [µ N ], which is much smaller than the magnitude of µ p and µ n .
By taking experimental value of proton and neutron magnetic moment as input, the theoretical value and experimental value of ∆ isobars magnetic moments (|eB| → 0) are shown in Table II. Table II shows that the the- oretical predictions of µ ∆ ++ ,J3=3/2 and µ ∆ + ,J3=3/2 are consistent with the experimental results [9] . By cancelling the effects of iso-spin shown in Table I , one gets the relation as Table II [16, 24] .
With no loss of generality, c ρ is determined as c ρ = 1/ √ c z [20] . For a ∆ isobar state of a given |eB|, the parameter c z is fixed to minimize the corresponding ∆ mass. The |eB| dependence of c z for ∆ isobar states are shown in Fig. 1 . In Fig. 1 , one finds that a stronger magnetic field corresponding to a bigger c z , the reason is that a stronger magnetic field generates more restriction force of charged meson π +,− in the x − y plane, which makes the shape of ∆ isobars more stretched along z-axis.
The |eB| dependence of the mass of ∆ isobar states are shown in Fig. 2. In Fig. 2 , the curve shows that with increasing the strength of magnetic field, the mass of ∆ ++ , ∆ + and ∆ 0 first decreases then increases, whereas ∆ − always increases. The reason is that the Hamiltonian of ∆ isobar states contains linear term of (eB) and higher order terms of (eB). The sign of the linear term of (eB) for ∆ ++ , ∆ + and ∆ 0 states is different from ∆ − state, which makes their mass decrease and increase when the magnetic field is weak, respectively. The higher order terms of (eB) always increase the mass of ∆ isobars, which makes their mass increase when the magnetic field is strong.
The |eB| dependence of µ ∆ ++ , µ ∆ + , µ ∆ 0 and µ ∆ − are shown in Fig. 3. Fig. 3 shows that with increas- 
ing the strength of magnetic field, the magnitude of µ ∆ ++ , µ ∆ + and µ ∆ 0 first decreases and then increases, whereas the magnitude of µ ∆ − first increases and then decreases. Notice that for an extreme weak magnetic field |eB| ∼ 0, the magnetic moment of proton and neutron in the Skyrme model are µ p = 1.94 [µ N ] and [4, 24] . By using the general relations between nucleons and ∆ isobars magnetic moment when |eB| → 0, which is shown in Table I , one can easily get that for
, and for
. These analyses are consistent with Refs. [12, 13] .
The electric charge density for ∆ isobar states are defined as
. The ∆ isobar mean square (MS) electric charge radius is defined as
The |eB| dependence of ∆ isobars MS electric charge radii are shown in Fig. 4 . Fig. 4 shows that for all range of the magnetic field strength, R 2 ∆ E of ∆ ++ and ∆ + are always above zero, whereas ∆ 0 and ∆ − are always below zero. Since the electric charge of ∆ isobars are different, the MS electric charge radii should be different. If ∆ isobars do not have internal structures, the MS electric charge radii of ∆ isobars should satisfy ∆ ++ : ∆ + : ∆ 0 : ∆ − = 2 : 1 : 0 : −1. However, the electric charge of ∆ baryon is constructed by two parts, one part is related to the baryon number current density ρ I=0 and another part is related to the isovector current density ρ I=1 . For all range of the magnetic field strength, the distribution of ρ I=1 is more apart from the central point of the soliton than that of ρ I=0 , which leads MS electric charge radii of ∆ ++ and ∆ Fig. 4 also shows that for a nonzero magnetic field region, the magnitude of the MS electric charge radii of ∆ ++ , ∆ + and ∆ 0 states first increases and then decreases. This fact is understandable from that: when the magnetic field is weak, there mass decrease, therefore their size will increase; when the magnetic field is strong, the restriction force of charged meson π +,− in the x − y plane increase, therefore their size will decrease. The magnitude of ∆ − MS electric charge radii always decrease with the increasing of |eB|, the reason is that: for a nonzero magnetic field, the ∆ − mass always increases, therefore the size will decrease. Conclusions and discussions. -In this letter, the mass, magnetic moment and MS electric charge radius of ∆ isobar states in a uniform magnetic field were studied in the semi-classical quantization approach of Skyrme model.
In the vacuum, i.e. |eB| ∼ 0, it was shown that, the magnetic moment of ∆ isobars can be rewritten by the magnetic moment of proton and neutron.
In a nonzero magnetic field region, with increasing the strength of magnetic field, it was found that: (ii) The magnitude of ∆ ++ , ∆ + and ∆ 0 magnetic moments first decrease and then increase, whereas the magnitude of ∆ − magnetic moment first increases and then decreases.
(iii) The magnitude of MS electric charge radii corresponding to ∆ ++ , ∆ + and ∆ 0 states first increase and then decrease, whereas the magnitude of MS electric charge radii corresponding to ∆ − state always decrease.
Science both the mass and size of ∆ baryons depend on the strength of magnetic field, the density of ∆ baryons in the core part of the magnetar (|eB| ∼ 10 −2 [GeV 2 ]) can be estimated easily, which is given in Table III. Table III shows that, the ∆ ++ , J 3 = 3/2 density decreases about 8.5% and the ∆ − , J 3 = 3/2 density increases about 19.7% 
